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imam] mmmmk v tmui-ty- h 
«tsi^)^^ffl@rs* v- feu 2tr-hw& 




mzmmzy- vwmt tmmm.&na-mi.z 

/ummztir z t tmtthWftmm.:} 
u. 

mizmiKimx&z. z t $mb -tmrn. 1 m 

immi mm-wtzmzti&mmftm 
m&mm&tiyztzft&ztiT^&ztmwit 
■tmim i m 2ieKtf>i#Bcasmm 

Thhztzmtthmm. 2x\t3m.<r>wn. 

immi msmFFmtiitimmm.^t. &xn& 
temnTTfrhzttmbi-zmm. 2xm 

imm7] mmizmzmm-ZTizt. m& 
m±izmm&Btf£thxnt. mams^yy- 

wmz^fommm^tmit£'fafrt>%&%.£ 

mmmizftmuzi&teiimiTmm&m® 

imm8i mmsL£mi®m-&jMt. twie 
wa±i,zmmmmhxMt. mmm^-vy- 

miz&mmm#>&tsxnt. m&mmm 
mmhxnt . mmiLizm^m^mm.Tt 
m&imfrtt&M&faiMtbMtxmt. y-hw. 
wtmmmhxnt. wmfitzftmit:fc&fa& 
mixnmihtimmi-tmtzxnt. mm 
mizmitzm?mm®m®yv>i®iii$?zx 

m. 

m&<mmmmmzi. iz t mmt-tzmm 

immio] mmizmttmmmm-hx 
wt\ mmttmwsim<miim<t&xnt. 
ms&vmiizx-yi-yrvzfzms.tixmt. m 
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|£x °/i-y?-?x ? "CffESSfS^^x -y f- y?®& L 

x*->\>mmhxm.t. m^x-Mzmmibtm 
mtfrt^t^phzm&fammtsxn 
y-hmsmmm&xnt. m*->uz% 
miKmGmmixnmmmmtLTzm? 

- Ymmtmmnxmn®zmm-&z b i^tsz 
b b t&mm&nmow&m. 
imxmii] mi3mm.<r)z.-v7~yy%m±^) 

10 3ymi}&*7X.vhX-yy-yyi,Z±Z,Zbimibt 

immi2] m.M^mi:mm-hxmi. ima 
#y*mm±.nmxiribtii z b m^b-tbm 

mm. 

imrn\3] miy-hw&mm&xntt. @ 
mmmttzi: ^x^uihzb zmbtzmmi 

m. 

20 [ft*Jii4j imm^^iythwjxhxh 
zzbrnmb-tzmmi-i 3<r>\,mi^\mm 

im% 1 5 3 mm l-sownm* i rnmnn 
mtammmi^z b ^mbthmmmm 
m. 

immw&wm 

[000 1] 

30 wmz<r>wm&. m&nyvj.-?-^ 
3 ym>y y v y^j^t * xt* w izwmwzmt 
mmtfmmzmh. 

[0002] 

imvm) wv&immbix. *-$>i- 

Ji-A—y' (carbon nanotube) , !sLikfci7%i-Si-a. 
-7i)<&m$tl&J:ytZ%«). mm&mb LTs & 
A,m%. mZtihiolz%~>tz. mz. D-Xyy- 

jy-3.~y\±. i99i^. mh'izi.'omsixrzi* 

<r>Xh*) (S.Iijina, Nature, 354, 56, 1991) . PM 
40 «fc«vvfc^57r-i YM&JJx^iRX'. *<?)ft&&& 
&10nmWgX-b?>. Zt>Xd%*-#yi-Sy-*- 

mmm. mj*y%mim^c\bfrt>. 
rvA bixmrnizmuztrnznti. m. *~ 

^yy-Jy-A~zri)^<m.m&mii)\ 1995^t 
R.E.Snalley^> ( A.G.Rinzler, Science, 269, 1550, 19 
95) kW.A.de Heer^> (W.A.de Heer, Science, 270, 11 
79, 1995) m&t7)l-7frL>ms%:iXX\^. 

[0003] mt\f. zcox otct-xyy-Ji-A-y 

Zyj-A'Yx.Zyi/syTJXyi'A (FED)coi 

50 otc^mmyy-y y'**>\<t< zrvANmfzm 



[ooo4] ii~if->irj^ ^.-y^mm^mi 
mmmmitzw^mam^zmLxn. nmi 

0-121 24-t&fBfc£aSivO>S. lite. gfiiS 

mm^xw^nzt-if^j^^-zr^msim 

[0005] 

XY-7 h y ? xiBiHKifc: 
[0006] 

mtvsm&mtiy- t-mmt sr^rsm^aj 
mtit:*-}i>f*uzmztix^hz\k timttz. 

[0007] wmmzmkztih*-Mt&MMmz 

tfx-Zh. m&fiyxi±^ 4 o o~5 o ox:m&<m 
££su i-xwt&bi. m^icmxtm^f 

5XU5~2 0wt%ggS^-ri.^ { J:vn ZViio 
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[0008] m^mmmmkm. 

i$7-mmx-&$.L. y^-^tyv. yyyrjut 
mfmmx$mitii>e> : t:mixwm-&. zn? 
tim?mt5umaTX'. ztimmmTitwjx 
vm^wmc^zn ix 3 o - 1 o w t 

*• 

io [0009] %=mmwmm-\t. * o >-m h ? 

LT3o~70wt %wm&-$& . n^w.mmm 
m\t. t3&m*>9*mmm&tk ixm 
v>. Q&mmmmmftTZtnzzwQt 

S. Ox^iX<nm-mt5nmmX\ *ix?tl<Vfflk 
TteWJX MSW*Wfc£*Wf LT3 0-7 0 wt% 

[ooio] *whic j: sm^asm^oisi^ra 

trdfc£#fifct£. 

[0011] *^BBfci5m*Scaim^j8i(0gJiJa 

±.izmmmm-hjmt. mmm^-vi-yy 
mmxmtB&tzxmt. me^m^Ltam 

\&m>h%m^*wtmsiMt. y-vwm 
mmmixmt. mmuzmuz^^^m 
ixmmmmmmimthmt. mma 

i-ttsztzmitti. &mtmtixiiA\^Ta 
40 zmthzttfx'tt. mz. mtmi7>i>i~<> 
At u MiLm&tmmmzx-oxftd & i 

[0012] ^mia mmmmmomm 
a. tn. i'Vziym%tm$Lizm : Hi-t&m*m 

mmmzji y+yyvztzB&tijmt, x 

50 Sr^tl-lSi:, *-MZ%?fommmiLTt^ 
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ttmtmtziMt. ts-Mzmitzm^mifm mwzyjLjxru-hm^mziix^i. z<m 

m*ftmuz*-)u±$ny-hnmtmmkiT -? 1 9ka;Jj£*u >^ssr-^^y 

mn®mfct$>ztz$tsztzmiti-&<. hu-yi ^t^r-m^y^ ^o^m^ti. y 

iooi3imism&n*v^>7m;i±i'V3> -imfey^yetqimztii. ttz. ayhv-yi 

vvm&i^v v^y^y^m^h^tiz^. * ymbti&xoizmwi. x^ymYy^^2m 

-)vmm-mm&zttfx'*h. &^*mm tv-mm* y2i f z^ixm<!K^mK^mi^t 
txm^m^mx<mm±coi^mz^d^m io vxt^xoizix. *mnmmmimwiM 

ti^tx\ m^7*?$\mW)±i-hzttfX'Z [oois] mmk^mrmmv-vmi^ov^ y 

-hmS$r400V x Ty-Kmg£lOkVgjgCl£ 

[ooi4] y-hwrnmrnthiMtt. mmnsbm &u mnmemmttutTvuxitikz 
mz£~?x'ifdzttfx'*z> 0 mmtbmmzx&t. r^uxuzmn^m^m^cowf-n^zx^ 

m*-Mzy- hmfcmtftf-&ztmmT#>z>. xmt^y^xru-HzmitimM^m: 

wmi&mty* hi>i;xhti-z>zttfX'Z&. im u ioooocd/m 2 ^it^m^comm^n 

v^z^zi-itttfTZh. ^minmm&n^ [0019] aa^ B3£fflwc. xmmmcomm. 

*m&thzb#vzi. aware*. a& ml ^oA»wv^T*y-K 

[0015] i»2*#tf**. ^/-HS82», mm® 

immsbmrn: kit. mzmixxmom zmi. mtt&z. zvmmt. y-hmm 

mmmmwtz. st ixmw&b* mit^v^ym^h^tmt 

<mmmm>®m. m^mcomm&m^ lw zk. :«wcmp aum- mesm 

mmmrcbh. bimhhlt. *mmmcomft m mawmwMttfrzztmtiw z<D±d 
m&m : ?mcDffitfLmm-z>. 3d^si±cc^y-K xv-vm&zffimmwzmtbmtt. m3 

H«2#BS;S*u *V-Vmi2±( l zmBto*~)U3 ( a ) (^tJ; o^lSffiffiS^H^il^. 2ttc % S3 
i&83MZtih. ^(r)®m*-Jl3coftmz^ #y 30 (b) iz^tkolz. ^ayy- hmm 5 £*-/U3 £ 

-Yw^2tmmmmLtz%^mmwmm-A mtti. *-*3tL as^o*««crn-bxt:£^*i 

tftiifimmzti&tmz. awift*-^3fca«L £**wf. awe**?**, i*. -^f^xf 

■o*. a*. *»oa^*-^33!p#rr^ffl«Ji mx-y- hmmzm ix m&x^ & . 

^y-Hisg2t^-hmfii6oa3c-r^^-grr [o 020] act. 03 (c) fc*crj;3fc:. i^scub 

[0016] ^comssajm^s^M-rs J: 3C7x h ix*-xy+j**-7mw ^mt&fat lx 

4xtv- yzwmlx. nmmm^wm^ti vjxvim^tz. mmmzxit. x-xyi-s* 

4. 7x4X7V-.MiL tiyxmVTJ-Y^Smk 40 x-7m^WRkLTfcL MttyK 7yyrA 

<r>L\zm^fiSzmW^TJ-Y^h. ZJtezW&L K Xuy-fA YyA h\ vilr? y N ^ 

wTi&gmi o- 6 -io-«Tor rw&ommmvt =mmz>tf. wm-trnt?* hm.mm^ o . 

[ 0 0 1 7 ] 06 fcL J: S^Sm^^S^O jjg) pj|6Sr«^ft Wf . «bSr V\ 

gl^ft@T'l>l) . «I^^H®^fi^Si. 0 1 tcT [ 0 0 2 1 ] 0 3 ( d ) Iz^tX o y- hM 

mitinkmmxYvhvrxm^mzmxwLft mmmm-h. y-hw&mecomzmim 

m*mm\ ztiizayhu-yxwimtihr-? x^fot. y-hwmt&w?-~y?i)^t%& 
m*y4*x2ot**ymYy4*2\*mtLtzi> 50 ^ H3 ( f > ny-hwmnm&Mitowty-- 



7 

/ f-Ywmm>>w--yyis&gX'bhi?. 03 

[0022] St, 03 (e) (C^l-idt, S3 

( c ) xwtyajitimr-mii^mm^ tim<£&to 

■&th. mc, S3 ( f > iztftxoiz, mm&m 
?m±.&<7>y-vwmmm;i. y-hwmnm 

?y?<-t Vy4x.v1->rX'W%lzmf8.X'$h. % 

3 1:. f- vw&<><wmzmmw3mx''n*) 
[00231 &±^wm.-mkt{imim.imi . a 

m^mtixii.m3 (a)&tMb)<oj:3fc:, £ 

^sit:^v-Hi^2^fli*aA, 

s. &tc. S3 ( c > <r>xnx\ nmtmm&ffi.? 

fc ±fe<07'J -/ h#7;W&f^£^£W9J&T'*- 
;k3fcffiaftjitr. 03 (d) oigr. ^>0fe 

hSSfrffi&iWS . fflklz. 4 0 0-500 

■egg. s^H^4>fAM yy-mmti&tzfim 

ik&ttfim&T-iitv-vmitffchizmu mm 

[0024] <%2mmm>®2iz. ^mm2% 

x. mikmtm®&mz\mih:ftMftZttix* 
uz. m2mmmnmfflfoibm?Mcom&m. * 
~>vmmmx'h o . ^-zKosstfii^fc &xw, 
immmtm^h. *v-vw&2 s y-vm 

;u3rta5fc3ES$n. *-^3«y-bm@6Ta*r 
ss^i; y- himmzmhtix . mxozmmz 
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t>i*i±-ri>. 

[o o 2 5 ] 04 *mix. m2mmm<7)m^mi 
^i-mmmmmmh. 04 (a) c*-r 
s«f« 1 a/*? mm. mmmm>% 
a>. wmizmt&mmizmi om&tz>. f&i* 

$mmzti?>m!,z<miQmm-h. ^mas 1 

0im+Mm~&gumftcoWXX'S> > ). ^yYf=7 

10 zhxmmt&iim&wmmx'&tLiK zcomi 

*hV VV77 < Mfx.-yi-'yyX-mj&fhZb it'S 

s. mm*, zm^ioiz, #v-FW&2m& 
■tt. ^mv-YW^.2\mmmx\i.mMmm. 
i-mwmLxmbzw 

[0026] fcfc, 04 (b) £SRirJ:5(;:. HfcSffiSr* 
(MA) 1 2*8j&fSfcK>Otmi 1 SrDfl^l 0 

^as^ffitfev^Ji. nasi oo#v- 
20 $ -<%msu 1 ttusiHtr & t . mmmz 3 0 n m 
mmvu. zv>±o%mt,zm?ikm®<vtm?z 

WMLts. . 

[0027] mz. 04 ( c ) C^f ± 10)7)1 
5-«7A1Sl l^SKfllL. «L12*»«r*. 2 
0%1&H4>. 2 0VcomE5rffl!ni1-S. SB^H«7yP 

^x\i. wwm\iiB!jmm.x'h&. zoxokw,® 
jg^ff 0 . mm® ( y- vim® > 1 3^jfi? 

30 ^ m 0 n mggcOgSr^r-tSm 1 2#£$9&£f 
4. i<0iE£SKl3c0TSty<U71*^«?ixT^ 

[oo28]<5ctc. 04 (d) iztKfXoiz. mm& 
mms (d) fcH«fc. ^jstasw^fs&^fc^ 
^fb-^ws^j8Sr*a?Li 2ta«>2 ! t?. 

S^tLT*-^t>(^-7'. ^fiHb^li: LXV 
s'XhfcfflvvtuS. 04 (e) (c*-r«kdfc:. 

n9--yy* 7*Y yyjfyy -f &tfx y f-y ^-eft 

[0 0 29]^tc. 04 (f ) iZTfrTio^ mil 
2lzM.^$tltzJl-Xyi-71-2--7'bl'i;z>h<?)& 
itfnSZTvi/y? {W&rjZrrrvi/V?) L. m 

X'm^&im7vi'y?iiA-xy-rs+*-7'<7Mg. 

50 x-7-^<rmz-m^hT^.A'7rXii-if.y. ?y 



77-f MftmrfcH&fS. JEfc. «?L1 2b?-h 

w&6<7)i/9~hm±?&t:ibiz. y-vimm<r>±. 

«BLl2fla««14oy-MMMl 3tx»f- 

i o o 3 o i <m 3mmm>*mmmx-u. mm 
rnttx. i^u a varans*, mmmmzm 

vzy-tmrizt, Av-vmzmmx-MtfL 
t&ztx-hi. miz^xmwizm 
u ®5*mixwkm<ome>xr<fo. t?. 
zmmx'b&isvaymi 5fc*?4Htn*&££ 
ti. zoxnmv-vm&yA ykttiim&d 
HUE? a vmwnfiwymxh o . mm 
Ma, o n >m±tzmm 1 6 mm& . 

[0031] mz^ 05 (a) {c^tidlc. VUay 

K. 05 (b) ic^tiot:. v'J3V««15fc:*- 
)V 1 8 fcJgjfttS . 1 8<W)£«?a8HU! 1 6 i 
x.-v+y?-?X9tL. K5^x.yf-y^-c^«LTfc 

\si,ZT-rt-m^x^&ztm$.L\\ #mm 

Sfcfc^T»±» ISBfcKl 6&x.yi-yf-?x?k U 
KOHjgjgtf TM^rtt^x-/ hx.yf-y/T*-;W 1 8 

tztb , 0 5 ( b ) ± 5 &iitr7 S 7 ftBttPft 6 

[0032]&K, 05 (c) tc*tJ:5«=, SglfISS 
B®0)®3 (d) fcfWfc. m^JScffiWfkOfaS^f:^ 

^E^cos-^8^*-;n8{c«ftjitf. *mim 

Wszhimyfc. fttz. 05 (d) tstiofc:. y 
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[0033]»:(C. 05 (e) ktftXoiz^ m^staj 

mfc^*m®&tz>. mwm.. 4 5 cast 

flftWlfcfrK *-^y-f/f-a-y4Sr*-;H8 

mtzmtz. mtz. as id iz^txo^ m 

10 [0034] 

imm&i*mtzxik. mamnam&? 

ill. 



m i ] m i 9BBm<mjra«?9toM!B. 
[02] s2siiBgs<om^is:ajm : F5s^«0. 

[0 3 ] IS 1 S^SW^Staj^KiOgjilSffiffl 
20 0. 

[04 ] S2SlffiJgS<7)m^»Hi«^®wS?iSlSBriB 

0. 

[05] $ 3HN9HB««»tttiS«? IflWiaMR 
0. 

[06] *%Hafc:j;saa®fi9g^a<^i^«50. 

1 

2 #y-KK» 
3 

30 4 ft»ftajtt»oaKi^ («mktwm) 

5 y-MfiSl 

10 5^S«_h<7)[U]gp 

1 1 

12 

13 T^Sx^AWKfl^R 

40 i4 x-jr^v^i^nsffla^-hteiti 

15 yynySR 

16 ^'Jnytf^SK^bK 

17 *-^£JB£tSJfc*tf>Jg 

18 ae5 5»KttO*-^ 

19 

2 0 T-^IHH5>fA 

2 1 X^irVHP?4A 
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